Summary
In this paper we present a printed, fast, high-sensitive and cheap wireless incontinence sensor system, which could be integrated in a common diaper for urinary detection. The system consists of a flexible screen-printed IDEs (Inter Digital Electrodes) sensor with bio compatible conducting PEDOT:PSS material, a battery, a readout electronics for sensor signal and a wireless module.
Introduction and Motivation
Today's sensors and microelectronics are bulky and rigid since they are made in semiconductors such as silicon. Unlike conventional microelectronics/nanoelectronics, next-generation sensors and electronics focus on large-area and low-cost applications and new form factors such as flexible and stretchable devices [1, 2] . Electronic devices that are fabricated on plastic or rubbery substrates such as flexible display, electronic paper, smart packages, skin-like sensors, wearable electronics, medical electronic implants, and many others, could radically change people's perspectives on electronics [2] .
Urinary incontinence-the loss of bladder control-is a significant health problem with considerable social and economic impact on individuals and society [3] . It occurs more often as people get older. A number of factors are contributing to the growth of the adult incontinence market [4] . According the U.S. National Institute of Health, about 20 million adult women and six million adult men experience or have experienced urinary incontinence in the U.S. and there are countless more living with fecal incontinence. Incontinence does not alone affect older people. In fact, men, women and children of all ages are living with the condition, but it is more common by older adults, particularly women who have had children [5] . Using diaper with absorber material as one-way product is the most used method against incontinence. The adult diapers market is huge. According to the Zion Market Research the adult diaper market was valued at USD 9246.36 million in 2015 and is expected to reach USD 14,592.72 million by 2021, growing at a CAGR of 7.5% between 2016 and 2021. In term of volume, the global adult diapers market stood at 17,689.30 million units in 2015 [6] .
In many cases, the amount of moisture in the diaper is checked "manually" by the nursing staff in a certain time period. This care procedure is annoying for both, patients and the staff. The idea in this work is to develop a smart cheap one-way sensor platform integrated in diaper, which is able to detect the moisture and serves as sensor platform to detect chemical properties or bio-markers in urine in future.
Sensor design and manufacturing
Main important requirements for the sensor systems could be seen below.
detect the amount of the liquids inside the diaper and gives electrical signal to cloud or caregiver -low cost -bio compatible (ISO 10993) -flexible and stretchable -easy integration in a standard diaper -wireless interface compatible to standards in medical systems.
Among the many physical principles (for example optical, chemical and electrical), which is suitable to measure the humidity, the resistive and capacitive methods do have many advantages, such as easy manufacturing, standard electronics for data acquisition. The resistive and capacitive structures could be integrated directly on flexible substrates. Figure 1 below shows the sensor concept. The single sensor is containing planar inter digital electrodes (IDEs) between the diaper foil and the absorbent pad. The absorbed urine on top of IDEs changes the sensor resistance and capacitance. The sensor array consists of 6 sensors, and is able to detect the urine amount in the diaper, and sends the signal to cloud or to nurse or caregivers. Common resistive and capacitive humidity sensors have been fabricated in silicon. But as mentioned, silicon technology has some limitations, such as low flexibility, low stretchability and high invest. Another limitation is a high number of silicon humidity sensors, which would be necessary in one diaper. In this work PEDOT:PSS (AGFA ORGACON EL-P5015, viscosity >100 Pa·s) conducting polymer [7] was used as material to form the IDEs structures. The material is highly flexible and has a sheet resistivity of 125 Ω/□. The real foil substrate has a size of 280 × 660 mm 2 . The process flow is shown in Figure 2 . The IDEs are printed on the foil, cured by 80 °C for 30 min, and laminated on paid material. Integration of the novel smart incontinence sensor into standard diaper. First IDE array is realized on protecting foil by using screen printing. In the next step the foil is laminated on the bottom of the diaper. Foil and lamination are standard material and standard procedure in diaper production.
The geometries of the 6 sensors are shown in the Table 1 below. The system uses RF Digital RFD77101 Simblee™ Bluetooth ® Low Energy for data acquisition and signal transmission. With a standard battery (CR2032) the system has a life time of about 6 months before the battery has to be changed. 
Results and Conclusions
The printed sensor array is shown in Figure 3 . The foil size is 70 × 32 cm 2 .
It is perfectly suitable for wearable and one-way products. Test has been made to test the developed system with synthetic urine (Human-Urin-Imitat 1000-D). Figure 4 shows the prototype. There is no issues to be observed in term of flexibility and stretchability in comparison with standard products on the market. Figure 5 shows the sensors signals as function of urine amount in the diaper.
The new developed system has shown very good and repeatable performances. Test is still ongoing to improve mechanical and chemical stability in extreme conditions. Development work is still necessary to scale up the process for mass production. Capacitive principle has many advantages in compare to resistive one, such as the possibility of using a thin flexible passivation layer to protect the PEDOT:PSS structures. 
